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ABSTRACT
We examine the luminosity function of white dwarfs (WDs) in the local “complete” WD sample
(d < 20 pc) of Holberg et al. (2008). We find that the fraction of bright and young WDs is anomalously
high among the WDs detected in multiple systems with main sequence (MS) companions compared
to that of the single WDs and theoretical expectations. This indicates a significant observation bias
against finding relatively faint WDs in multiple systems. At the bright end (MV < 11.5), the amount
of WDs with MS companions is approximately equal to that of single white dwarfs, indicating that
& 50% of WDs have MS companions, consistent with the high multiplicity fraction of early-type MS
stars. If true, a significant fraction of WDs in multiple systems within 20 pc may have not been
detected yet, and the number density of WDs in the solar neighborhood and elsewhere may be up to
twice as much as presently believed.
Subject headings: White Dwarfs
1. INTRODUCTION
It was recently noted by Ferrario (2012) that there is
tension between the high multiplicity fraction (> 50%)
of main sequence (MS) stars more massive than the Sun
(e.g. Raghavan et al. 2010) and the low multiplicity frac-
tion (∼ 30%) of white dwarfs (WDs) which are the end
states of these stars (Holberg 2009). The WD multi-
plicity is inferred from the sample of WDs within 20 pc
from the Sun, which is believed to be 80% complete
(Holberg et al. 2008). Ferrario (2012) suggested that the
main reason for this discrepancy is that many WDs in
multiple systems have not been detected simply because
they are too faint relative to their companions. Here we
present direct observational evidence suggesting that this
is likely the case by studying the luminosity function of
the detected WDs.
2. EVIDENCE THAT WHITE DWARFS WITH MS
COMPANIONS ARE MISSING IN SAMPLES OF
NEARBY STARS
It is instructive to first examine the WDs among
the closest 100 stars 4. In this sample, there are 4
WDs in multiple systems and 4 single WDs. The
former ones have absolute visual magnitudes MV =
11.0, 11.3, 13.0, 13.7, which are systematically brighter
than the latter with MV = 13.2, 14.2, 15.3, 15.4. This
pattern persists in the larger sample of nearby WDs
within 20 pc (Holberg et al. 2008). The MV distribu-
tions in the Holberg et al. (2008) sample are shown in
Figure 1 for single WDs (92 WDs, blue line) and WDs
with MS companions (24 WDs, red line), respectively.
While the amount of bright WDs (MV < 11.5) is simi-
lar for these two sets, there are significantly fewer fainter
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WDs among the MS-WD binaries as compared to the
single WDs.
To a good approximation, the luminosity of a WD re-
flects its age. To illustrate this, the relation between
luminosity and age estimates for the subsample of WDs
in Holberg et al. (2008) for which sufficient WD param-
eters are reported (mass, M , effective temperature, Teff
and surface gravity, log g) are shown in Figure 2 (blue
and red points for single WDs and WDs in WD-MS bi-
naries respectively). The WD age is estimated according
to Wood (1995) using the inferred bolometric luminos-
ity Lbol = 4piR
2σBT
2
eff , where R
2 = GM/g. The ages
at a given luminosity are insensitive to the mass of the
WDs, changing by about 30% across the available WD
mass range of 0.5M⊙ < M < 0.9M⊙ (e.g., Renedo et al.
2010). While the model calculated by Wood (1995) is for
hydrogen dominated atmospheres applicable to the ma-
jority of the WDs in the sample, the cooling sequences
(as a function of luminosity) differ by tens of percents
for helium dominated atmospheres (e.g. Hansen 1999).
These differences are ignored in our analysis.
The relation between the luminosity and age allows an
approximate theoretical estimate of the expected WD
luminosity function. Assuming that the WD formation
rate n˙WD in the last ∼ 3Gyrs is roughly constant, the
expected number of WDs within each luminosity bin
[MV,1,MV,2] is given by
N ≈ n˙WD[tcool(MV,2)− tcool(MV,1)], (1)
where tcool(MV ) is the cooling age for a WD with magni-
tude MV and is approximated by the following relation
log10(tcool/yr) = −0.04M
2
V + 1.46MV − 3.22, (2)
which fits the data shown in Figure 2 and is plotted as
a black dashed line. We find that this expected lumi-
nosity function, shown as a black dashed line in Fig-
ure 1, matches reasonably well with that of the single
WDs for a fitted value of n˙WD = 0.7 × 10
−12 pc−3yr−1,
which is consistent with the rate inferred by Liebert et al.
(2005). The expected luminosity function is calculated
2forMV < 14.5, roughly corresponding to an age of 3Gyr.
At significantly older ages, the assumption of constant
formation rate is not justified. While the shape of the
expected luminosity function is approximately consistent
with that of the single WDs, which are dominated by
faint WDs, it is inconsistent with that of the WDs with
MS companions, for which the luminosity distribution is
roughly uniform. If the WDs with MS companions in the
Holberg et al. (2008) sample distribute according to the
above-mentioned luminosity function due to cooling, we
expect 1.0 WD detected with MV < 11.5 (normalized to
the number WDs with MV < 14.5 having MS compan-
ions) but 5 are in the sample, and there is 0.4% chance
that this is due to Poisson fluctuations.
We note that the majority of the MS companions are
M andK dwarfs and these systems are unlikely to change
as the bright WDs cool. In fact, only one of the 24 sys-
tems has a companion with a main sequence life time
shorter than ∼Gyr for which near future stellar evolution
may affect the binary (Sirius B with an A0V companion).
While the small number statistics does not allow a firm
conclusion, the shortage of observed faint WDs with MS
companions likely indicates a significant incompleteness.
Indeed, a typical WD with MV = 14 has a high con-
trast (∆V ≈ 9) with a Sun-like companion, which makes
it very challenging to detect at ∼ 1′′, corresponding to
typical FGK binary separations when placed at ∼ 20 pc
(Duquennoy & Mayor 1991; Raghavan et al. 2010).
HowmanyWDs are missing within 20 pc? The amount
of bright WDs with MS companions is roughly equal to
the amount of single bright WDs. While it is difficult to
make accurate quantitative estimates based on the small
number statistics, it is likely that the amount of WDs
with MS companions is roughly equal or higher than the
amount of single WDs. Note that some bright WDs are
also likely missed due to very bright companions (some
indication for this is the fact that the only two systems
with companions earlier than G in this sample are within
5 pc). If true, at least ∼ 60 WDs are hiding in binary
systems. If the population of single WDs is only 80%
complete with about 20 isolatedWDs missing, and if 60%
of WDs have a lower mass companion (consistent with
the MS observations Raghavan et al. 2010), the amount
of WDs may be more than double the currently observed
one with more than 100 missing WDs. Note that some
binaries will evolve to become double WD systems, but
this is probably a small fraction given that most com-
panions will not be massive enough to evolve during the
lifetime of the Galaxy.
In contrast to the above discussion, Holberg et al.
(2008) claimed that the sample of WDs within 20 pc is
∼ 80% complete (in terms of the total number of WDs).
Their main argument was that the distribution of dis-
tances is consistent with a uniform distribution in space
and that the number density is consistent with the sam-
ple within 13 pc which was claimed to be nearly com-
plete (Holberg et al. 2002). The 13 pc sample was in
turn claimed to be complete due to the same space dis-
tribution argument along with claims that the apparent
brightness of the WDs and the large proper motion are
sufficiently large to be detected at 13 pc. The contribu-
tion of unobserved WDs in systems with a MS compan-
ion was estimated by these authors to be small based on
their small observed fraction. None of the arguments pre-
sented in Holberg et al. (2008) and Holberg et al. (2002)
applies to the likely possibility that a large fraction of
WDs have MS companions and are missed due to the
high contrast. In fact, the same authors note that the
vast majority of systems with MS companions that are of
spectral type K or earlier (termed ‘Sirius-like’) are prob-
ably missed at distances beyond 20 pc (Holberg 2009;
Holberg et al. 2013). In particular they note that there
is only one such system in the range of d = 20 − 25 pc
which has approximately equal volume as the d < 20 pc
sample where 11 such systems were found. These authors
do not provide an explanation for the sudden suggested
drop in completeness at d = 20 pc. In fact, 4 such sys-
tems are within 10 pc, compared to 7 in the range 10−20
pc (with a volume which is 7 times larger than d < 10
pc) indicating that the completeness fraction is decreas-
ing at increasing distance well within the 20 pc sample,
providing further evidence for a large incompleteness at
d < 20 pc.
3. CONCLUSION
Searches for the missing WDs may resolve the above
discrepancy and improve our understanding of the WD
population. The multiplicity rate of WDs may also have
important implications for studying the progenitor sys-
tems of type Ia supernova (SN). In particular, the pres-
ence of a MS tertiary may enhance the rate of WD-
WD mergers or collisions – possible channels for SNe
Ia (Thompson 2011; Katz & Dong 2012). In fact, it
has been recently suggested that direct WD collisions
in triple systems may be the primary channel for SNe
Ia (Katz & Dong 2012; Kushnir et al. 2013; Dong et al.
2014) resolving several key theoretical and observational
challenges of these SNe (Kushnir et al. 2013; Dong et al.
2014). WD-WD binaries in quadrupole or higher multi-
ples may be similarly important (Pejcha et al. 2013).
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Fig. 1.— Absolute visual magnitude distribution of WDs closer
than 20 pc from Holberg et al. (2008). The distribution of isolated
WDs (solid blue) is peaked at the faint brightness. The distribution
of WDs with MS companions (solid red) is roughly uniform. The
lack of faint WDs with MS companions is likely an observational
bias due to the difficulty in detecting close companions with a
large contrast. An approximate expected distribution is shown
for illustration (dashed black) assuming a constant rate of WD
formation in the last 3 Gyr and the relation between absolute visual
magnitude and cooling age from Figure 2, based on the WD cooling
model of Wood (1995).
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Fig. 2.— Relation between absolute visual magnitude and cooling
age. The cooling ages for the subsample of WDs in (Holberg et al.
2008) that have reported Teff , log g and mass are estimated based
on their deduced bolometric luminosity using the cooling model of
Wood (1995). Isolated WDs are shown as blue dots while WDs
with MS companions are shown as red dots. The dashed line is a
fitted quadratic relation with parameters given in Eq. (2).
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